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ANTI-FUSE FOR PROGRAMMING 
REDUNDANCY CELL, REPAIR CIRCUIT 

HAVING PROGRAMMING APPARATUS, AND 
FABRICATION METHOD OF ANTI-FUSE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor memory 
apparatus and a fabrication method of the same, and in 
particular to an anti-fuse for programming a redundancy 
cell, a repair circuit having a programming apparatus, and a 
fabrication method of the anti-fuse Which are capable of 
simply implementing a programming operation When 
exchanging a defective cell of a semiconductor memory 
apparatus With a redundancy cell. 

2. Description of the Conventional Art 
Generally, in the semiconductor memory apparatus, a 

plurality of redundancy cells of a memory are connected by 
the block formed of sub-arrays. For example, extra roWs and 
columns are connected at every 256K cell array for thereby 
exchanging a defective memory cell With an extra cell by the 
unit of roW and column. In such a repair circuit, When a 
Wafer fabrication process is completed, the defective cells 
are removed based on a predetermined test, and an address 
signal of a corresponding redundancy cell is changed in an 
internal circuit through a programming operation, so that 
When an address corresponding to a defective line is inputted 
during an actual use, the line is exchanged With a line of a 
corresponding cell. As the programming methods, an elec 
tric fuse method Which is capable of melting and cutting a 
fuse using an over-current, a method for burning the fuse 
using a laser beam, a method for making a junction portion 
short-circuit using a laser beam, etc. are knoWn. Among 
these methods, the method for cutting the fuse using a laser 
beam is simple, and in this method, it is possible to easily 
implement a desired layout. 

HoWever, in the laser-based programming method, a 
repair process Which needs an expensive laser apparatus for 
exchanging a defective cell With a redundancy cell is used. 
In addition, a laser beam is radiated onto the fuse by an 
additional fuse WindoW process for cutting the same, and 
then the programming and a passivation process are 
performed, Whereby the repair process is complicated. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a semiconductor memory apparatus and a fabrica 
tion method of the same Which overcome the aforemen 
tioned problems encountered in the conventional art. 

It is another object of the present invention to provide an 
anti-fuse for programming a redundancy cell and a repair 
circuit having a programming apparatus Which are capable 
of enhancing a fabrication yield and reliability of a memory 
apparatus by easily exchanging a defective cell With a 
redundancy cell using a threshold voltage of a dielectric ?lm 
Without using an expensive laser apparatus. 

It is another object of the present invention to provide an 
anti-fuse fabrication method for programming a redundancy 
cell Which makes it possible to easily exchange a defective 
cell With a redundancy cell using a threshold voltage of a 
dielectric ?lm. 

In order to achieve the above objects, there is provided a 
repair circuit Which includes a half poWer voltage supplier 
for supplying a half poWer voltage, a programming voltage 
supplier for supplying a programming voltage for exchang 
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2 
ing a defective cell of the memory cell array With a redun 
dancy cell, a ground voltage supplier for supplying a ground 
electric potential in response to an address signal of the 
memory cell, an anti-fuse for receiving a voltage of the half 
poWer voltage supplier and charging the same in the normal 
operation and breaking a dielectric ?lm in accordance With 
a voltage difference betWeen the programming voltage sup 
plier and the ground voltage supplier during the program 
ming operation for thereby implementing a programming, 
and an output unit for outputting an output signal based on 
the programmed state of the anti-fuse in accordance With a 
voltage applied from a node commonly connected With the 
half poWer voltage supplier, the programming voltage 
supplier, and the anti-fuse. 

In order to achieve the above objects, there is provided an 
anti-fuse of a repair circuit for programming a redundancy 
cell Which includes a loWer electrode having a spacer having 
its apex at an outer portion of the same, a dielectric ?lm 
formed on an upper portion of the loWer electrode, and an 
upper electrode formed on an upper portion of the dielectric 
?lm, Whereby the dielectric ?lm contacting With the spacer 
of the loWer electrode is broken during the programming. 

In order to achieve the above objects, there is provided an 
anti-fuse fabrication method of a repair circuit for program 
ming a redundancy cell Which includes the steps of forming 
a loWer interlayer insulation ?lm on an upper portion of a 
semiconductor device including a dopant implantation 
region formed on a semiconductor substrate, forming a 
loWer electrode contacting With a dopant implantation 
region of the semiconductor device through a contact hole in 
the loWer interlayer insulation ?lm and having a spacer 
having its apex at an outer portion of the same, forming a 
dielectric ?lm on an upper portion of the loWer electrode, 
and forming an upper electrode on an upper portion of the 
dielectric ?lm. 

Additional advantages, objects and other features of the 
invention Will be set forth in part in the description Which 
folloWs and in part Will become apparent to those having 
ordinary skill in the art upon examination of the folloWing 
or may be learned from practice of the invention. The objects 
and advantages of the invention may be realiZed and attained 
as particularly pointed out in the appended claims as a result 
of the experiment compared to the conventional arts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description given hereinbeloW and the 
accompanying draWings Which are given by Way of illus 
tration only, and thus are not limitative of the present 
invention, and Wherein: 

FIG. 1 is a circuit diagram illustrating a programming 
apparatus of a repair circuit having an anti-fuse for pro 
gramming a redundancy cell according to the present inven 
tion; 

FIG. 2 is a vertical cross-sectional vieW illustrating a 
semiconductor apparatus including a repair circuit having a 
programming apparatus and an anti-fuse according to the 
present invention; and 

FIGS. 3 through 10 are cross-sectional vieWs illustrating 
a method for fabricating a semiconductor apparatus having 
an anti-fuse according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The embodiments of the present invention Will be 
explained With reference to the accompanying draWings. 
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FIG. 1 illustrates a programming apparatus of a repair 
circuit having an anti-fuse for programming a redundancy 
cell according to the present invention. 
As shoWn therein, the repair circuit includes a half poWer 

voltage supplier 10 for supplying a half poWer voltage(1/z 
Vcc) in response to a driving signal A, a ground voltage 
supplier 30 formed of a plurality of NMOS transistors 
NT1, . . . , NTN supplying a ground electric potential in 

response to address signals Addr1, . . .AddrN, a program 
ming voltage supplier 40 for supplying a programming 
voltage Vext in response to a programming control signal 
Pgmb for exchanging a defective cell With a redundancy 
cell, an anti-fuse 20 in Which an upper electrode 28‘ is 
connected With an output terminal of the half poWer voltage 
supplier 10, and a loWer electrode 23 is connected With each 
drain of the NMOS transistors NT1, . . . , NTN of the ground 

voltage supplier 30, and an output unit 50 connected With a 
node F Which is commonly connected With an output 
terminal of the half poWer voltage supplier 10 and the output 
terminals of the anti-fuse 20 and the programming voltage 
supplier 40 for thereby outputting an output signal Vrep 
based on the programmed state of the anti-fuse. 

Here, the poWer voltage supplier 10 is formed of a PMOS 
transistor Which receives a poWer voltage Vcc through a 
substrate, and a half poWer voltage (‘/2 Vcc) through a drain. 
The programming voltage supplier 40 is formed of a PMOS 
transistor PT1 receiving programming voltage Vext through 
a drain and substrate, and a NMOS transistor NT‘ having its 
gate connected With the gate of the PMOS transistor PT1. 
The output unit 50 includes a ?rst PMOS transistor PT2 
receiving a poWer voltage Vcc through a drain and substrate, 
and an output signal Vrep through a gate, and a second 
PMOS transistor PT3 and a NMOS transistor NT“ having 
their gates commonly connected With an output terminal of 
the ?rst PMOS transistor PT2 and connected in series 
betWeen the poWer voltage Vcc and the ground voltage. 

FIG. 2 illustrates a semiconductor apparatus including a 
repair circuit having a programming apparatus and an anti 
fuse according to the present invention. As shoWn therein, 
the semiconductor apparatus includes a PMOS transistor and 
NMOS transistor formed of gate conductive layers 12, 32, 
spacers 14, 34, and dopant implantation regions 16, 36 
formed on a N-Well 2 and P-Well 4 of a silicon substrate, a 
loWer electrode 23 connected With a dopant implantation 
region 36 of the NMOS transistor, for example, a drain 
region, through a contact hole formed in interlayer insula 
tion ?lms 62, 64 formed on the upper surfaces of the 
transistors for implementing an electric insulation therebe 
tWeen and having a spacer 24 With its apex higher than an 
inner portion 22 at an outer portion of the same, a dielectric 
?lm 26‘ formed on the upper portion of the loWer electrode 
23, an anti-fuse having an upper electrode 28‘ formed on the 
upper portion of the dielectric ?lm 26‘, and a metal Wire 70 
connected With plugs 18, 29 bonded With the drain region 16 
of the PMOS transistor and the upper electrode 28‘ of the 
anti-fuse, respectively. 

The operation of the repair circuit according to the present 
invention Will be explained With reference to FIGS. 1 and 2. 

The half poWer voltage supplier 10 maintains a turned-off 
state by a high level driving signal A during the program 
ming of the anti-fuse 20. In the anti-fuse 20, as a control 
signal Pgmb for programming a defective cell of the pro 
gramming voltage supplier 40 is transited from a high level 
to a loW level in a state that a half poWer voltage (‘/2 Vcc) is 
not received from the half poWer voltage supplier 10, the 
PMOS transistor PT1 is turned on, and the upper electrode 
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281 receives a programming voltage Vext. Thereafter, the 
anti-fuse 20 receives a ground voltage through the loWer 
electrode 23 as a plurality of NMOS transistors NT1, . . . , 

NTN are turned on in accordance With high level address 
signals Addr1, . . . , AddrN. In the anti-fuse 20, the dielectric 
?lm 26‘ near the spacer 24‘ having its apex Which is most 
Weak is broken due to a large voltage difference betWeen the 
upper electrode 28‘ and the loWer electrode 23 for thereby 
electrically disconnecting the electrodes 28‘ and 23. In 
addition, in the repair circuit according to the present 
invention, as the control signal Pgmb for programming a 
defective cell of the programming voltage supplier 40 during 
the normal operation maintains a high level, the supply of 
the programming voltage Vext is blocked. As the driving 
signal A of the half poWer voltage supplier 10 is transited 
from a high level to a loW level, the voltage of the commonly 
connected node F is charged. Thereafter, the address signals 
Addr1, . . . , AddrN are inputted. At this time, in a state that 

the anti-fuse is programmed, the voltage of the commonly 
connected node F is transited to a loW level and is applied 
to the output unit 50, the output signal Vrep becomes a high 
level. In a case that the same is not programmed, the voltage 
of the commonly connected node F and the half poWer 
voltage (‘/2 Vcc) are directly applied to the output unit 50, so 
that the output signal Vrep becomes a loW level. 

FIGS. 3 through 10 illustrate a method for fabricating a 
semiconductor apparatus having an anti-fuse according to 
the present invention. 
As shoWn therein, the N-Well 2 and P-Well 4 are formed 

on the silicon substrate, and a device isolation region 6 is 
formed for isolating the Wells 2 and 4. The gate electrode 
having the gate conductive layers 12, 32 and the spacers 14, 
34 are formed on the upper portions of the Wells 2 and 4. The 
dopant implantation regions 16, 36, for example, a source/ 
drain region, are formed at a portion near the edge portion 
of the gate electrode by implanting a conductive dopant 
Which is different from the Wells for thereby forming a 
PMOS transistor and NMOS transistor. Thereafter, the insu 
lation ?lm 62 is deposited on the substrate including the 
above-described transistors. 
As shoWn in FIG. 4, a ground line 38 is formed for 

connecting the source region of the NMOS transistor, and 
then a loWer interlayer insulation ?lm 64 is formed on the 
upper portion of the resultant structure. In addition, a 
photo-process and etching process are performed for obtain 
ing a loWer electrode region charging a carrier When the gate 
of the NMOS transistor is turned on, and then the loWer 
interlayer insulation ?lm 64 and the insulation ?lm 62 are 
sequentially etched to expose the drain region of the NMOS 
transistor for thereby forming a contact hole 65. 
As shoWn in FIG. 5, the contact hole 65 is ?lled on the 

front surface of the interlayer insulation ?lm 64 including 
the contact hole 65 using the dopant-implanted polysilicon 
layer 22, and then the insulation ?lm 66 is formed on the 
front surface of the polysilicon layer 22. 
As shoWn in FIG. 6, the photoprocess is performed for 

de?ning a part of the loWer electrode of the anti-fuse for 
thereby forming a photoresist pattern 67 on the upper 
surface of the insulation ?lm 66. 

Thereafter, the etching process is performed. The sequen 
tially stacked insulation ?lm 66 and polysilicon layer 22 are 
patterned to be aligned With the pattern 67. As shoWn in FIG. 
7, the patterns 22‘ and 66‘ de?ning a part of the loWer 
electrode are formed. In addition, after the photoresist 
pattern 67 is removed, the dopant-implanted polysilicon 
layer 24 is formed on the front surface of the resultant 
structure as a conductive layer. 



US 6,306,689 B1 
5 

As shown in FIG. 8, the dry etching process is performed 
for thereby etching the polysilicon layer 24, and then the 
spacer 24‘ is formed on the outer surfaces of the patterns 22‘ 
66‘ of the loWer electrode. 

As shoWn in FIG. 9, the insulation ?lm 66 of the patterns 
22‘, 66‘ of the loWer electrode is removed, so that the loWer 
electrode 23 having the spacer 24‘ having its apex higher 
than the inner portion at the outer portion is formed. The 
oxide ?lm 26 is formed on the upper surface of the loWer 
electrode 23 as a dielectric. The thickness of the resultant 
structure is 30~100 In addition, the dopant-implanted 
polysilicon layer 28 is formed on the upper surface of the 
oxide ?lm 26. Thereafter, the photoprocess and etching 
process are performed, so that the upper electrode 28‘ and 
dielectric ?lm 26‘ are formed by patterning the sequentially 
stacked polysilicon layer 28 and oxide ?lm 26. 
As shoWn in FIG. 10, the upper interlayer insulation ?lms 

67 and 68 are formed on the upper surfaces of the upper 
electrode 28‘ and the loWer interlayer insulation ?lm 64, and 
then the Wiring process is performed, Whereby the metal 
Wiring 70 is formed for connecting the plugs 18, 29 con 
tacting With the upper electrode 28‘ and the source region of 
the PMOS transistor. 

In the present invention, it is possible to form an anti-fuse 
programmed so that the defective cell is exchanged With the 
redundancy cell through the normal DRAM capacitor pro 
cess based on the conventional DRAM process. The fabri 
cation process is also simpli?ed. 

In the present invention, the repair circuit having the 
anti-fuse is connected at the redundant bank cell, so that it 
is possible to perform a repairing operation at any time if 
necessary. 

In addition, the dielectric ?lm contacting With the spacer 
having its apex of the loWer electrode is applied With a 
current for thereby breaking the same for thereby imple 
menting an anti-fuse simply programmed. 

Therefore, in the present invention, it is possible to 
perform programming at a voltage loWer than a program 
ming voltage or a breakage voltage of the dielectric ?lm 
Without using an expensive repair laser apparatus. 

In the fabrication process according to the present 
invention, since the anti-fuse is fabricated by the spacer 
process during the capacitor process of the DRAM, the 
fabrication process is simpli?ed. 

Although the preferred embodiments of the present inven 
tion have been disclosed for illustrative purposes, those 
skilled in the art Will appreciate that various modi?cations, 
additions and substitutions are possible, Without departing 
from the scope and spirit of the invention as recited in the 
accompanying claims. 
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What is claimed is: 
1. In a method for forming an anti-fuse programmed for 

exchanging a defective cell of a memory cell array With a 
redundancy cell, an anti-fuse fabrication method of a repair 
circuit for programming a redundancy cell, comprising the 
steps of: 

forming a loWer interlayer insulation ?lm on an upper 
portion of a semiconductor device including a dopant 
implantation region formed on a semiconductor sub 
strate; 

forming a loWer electrode contacting With a dopant 
implantation region of the semiconductor device 
through a contact hole in the loWer interlayer insulation 
?lm and having a spacer having its apex at an outer 
portion of the same; 

forming a dielectric ?lm on an upper portion of the loWer 
electrode; and 

forming an upper electrode on an upper portion of the 
dielectric ?lm. 

2. The method of claim 1, Wherein said step for forming 
the loWer electrode includes the sub-steps of: 

forming a contact hole in the loWer interlayer insulation 
?lm to expose a dopant implantation region of the 
semiconductor device therethrough; 

depositing a conductive layer on an upper portion of the 
interlayer insulation ?lm including the contact hole; 

depositing an insulation ?lm on an upper portion of the 
conductive layer; 

forming a pattern de?ning a part of the loWer electrode for 
patterning the sequentially stacked insulation ?lm and 
conductive layer; 

forming a spacer formed of a conductive layer on an outer 
surface of the thusly formed pattern; and 

removing the insulation ?lm forming the pattern. 
3. The method of claim 1, Wherein said loWer and upper 

electrodes are formed of dopant-implanted polysilicon. 
4. The method of claim 1, Wherein said loWer and upper 

electrodes are formed of a refractory metal. 
5. The method of claim 4, Wherein said metal is one 

selected from the group comprising Ta and Ti. 
6. The method of claim 1, Wherein said dielectric ?lm is 

formed of an oxide ?lm. 
7. The method of claim 1, Wherein said dielectric ?lm is 

formed of a combined ?lm in Which an oxide ?lm, a nitride 
?lm and oxide ?lm are sequentially stacked. 

8. The method of claim 1, Wherein the thickness of said 
dielectric ?lm is 30~100 


